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A. INTRODUCTION
1. Objectives of Project and Rationale for the Research:
This report completes a two-year project funded by the Illinois Department
of Energy and Natural Resources during the period October 14, 1981 to
September 1, 1983. This is the annual report for the second year and the
final report of the project. The objectives of the project were:
a. To develop a practical reliable tool (a trap using cucurbitacins)
for monitoring populations of the northern and western corn
rootworms so that growers or pest scouts can determine need for
use of an insecticide for rootworm control.
b. To investigate the potential of using cucurbitacins combined with
a minimum dosage of insecticide for controlling northern and
western corn rootworm adults to reduce or to prevent oviposition
in corn fields.
c. To investigate the role of cucurbitacins and related plant factors
in both cucurbits and corn in determining feeding, migrating, and
oviposition behavior of corn rootworm adults.
Northern and western corn rootworms are the major pest insect complex
attacking corn in Illinois. The rootworms overwinter as eggs that were
oviposited in the soil in cornfields in August and September. The eggs hatch
the following spring and the larvae attack corn roots from mid-june to
2mid-July. Rootworm adults begin emerging from the soil in July and feed on
corn silks, pollen, and blossoms and foliage of squash, pumpkin and soybeans
during July, August and September. The northern and western corn rootworms
have one generation per year.
Approximately 6-6.5 million Illinois acres are treated annually with soil
insecticides to control the corn rootworms. This large scale application of
insecticides exposes grower-users to some very toxic poisons, the insecticides
are unwanted environmental contaminants, and when they are applied annually
over a wide area, pests adapt to the changed environment and can develop
resistance to the chemicals. Corn rootworms have already developed resistance
to the cyclodiene soil insecticides Aldrin and Heptachlor; BuxTen, a carbamate
insecticide was removed from the market several years ago, since it no longer
controlled rootw'orms. Carbofuran, another popular carbamate insecticide, is
showing inconsistent performance from year to year and the organophosphate
soil insecticides are giving much less control today than these insecticides
were providing 5 years ago. Lack-luster performance of some of the corn
rootworm soil insecticides is common throughout Corn Belt states. The history
of insecticide use in the U.S. and the world, suggests that within a few
years, we can expect currently used soil insecticides to become totally
ineffective. Use of these important tools in crop production could be
prolonged many years by the application of tactics in integrated pest
management (1PM), i.e., pest monitoring to determine if a pesticide is needed.
The current tactics that can be employed in corn rootworm pest management
include: (1) annual corn rotation with a non-host crop, (2) pest monitoring
to identify which crop fields to rotate, which fields need no treatment and
those fields that need a soil insecticide, and (3) use of a soil insecticide
where needed.
3Crop rotation research involving corn rotated with wheat, soybeans or
alfalfa, was completed and published by Natural History Survey scientists
several years ago. Results of the research are widely used in Illinois and
other corn producing states.
Pest scouting for corn rootworms, either by corn growers or by hired
professional scouts is not widely done in Illinois because of the difficulty
in doing the scouting and because there is a general lack of confidence in the
results after scouting is completed. There are always the questions: "Did I
do it correctly?" and "Can I be sure?". Thus, most fields in Illinois are
not scouted and soil insecticides are used whether they are needed or not.
The cucurbitacin compounds present in most varieties of squash are feeding
stimulants for rootworm adults. Rootworm beetles dispersing from cornfields
to feed on cucurbits return to corn for egg-laying and cucurbitacins are very
attractive to the beetles and were used in this project to develop a trap for
monitoring populations of corn rootworm adults in corn. Cucurbitacins were
also used to study more effective ways to control adult corn rootworms with
minimum dosages of insecticides. Finally, the rootworm-squash-corn
interaction was studied to better understand the relationship between pests
and hosts.
2. Staff assigned or contributing to the project.
Dr. Robert Metcalf, Department of Entomology, University of Illinois and
Dr. William Luckmann, Section of Economic Entomology, Illinois Natural History
Survey, were principal investigators on the project. Mr. John Shaw, Illinois
Natural History Survey, and Mr. John Andersen, graduate student in entomology
employed on the project, conducted much of the field and laboratory research.
Ms. Ann Kirts was employed part-time on the project and was responsible for
4rearing corn rootworms year-round for laboratory research. Ms. Jane Ferguson,
graduate student in horticulture working under Dr. Metcalf, contributed much
to the project.
Mr. Steve Briggs, Integrated Pest Management Specialist, Illinois
Cooperative Extension Service, and Dr. William Ruesink, Illinois Natural
History Survey, assisted in data gathering and analysis. In August 1983, Mr.
Briggs initiated a pilot-field study through the state-wide cooperative
extension IPM program utilizing the rootworm trap in 21 cornfields located in
northern, central and southern Illinois.
B. ACCOMPLISHMENTS
This project has increased scientific knowledge on the feeding behavior of
several species of Diabroticite beetles on plant cultivars in the family
Cucurbitaceae. Cucurbitacins, a series of oxygenated tetracyclic triterpenes
that are feeding arrestants and feeding stimulants wiere used to develop a trap
for monitoring populations of corn rootworm beetles in corn. Field control of
rootworin beetles was demonstrated using mixtures of cucurbitacins and
insecticides. Indole was identified as a food attractant for Diabroticite
beetles. Two scientific papers were published and one paper submitted for
publication during the duration of the project.
C. RESEARCH REPORT
Results of the pilot-field study supervised by Mr. Briggs and conducted in
3 locations in Illinois in 1983 will not be reported here, since the
effectiveness of the trapping program cannot be evaluated until July 1984 when
the field are examinaed for root damage caused by feeding of corn rootworm
larvae. The researcn reported in the following pages includes (1) a paper on
developing a corn rootworm trap, (2) data on rootworm control (3) two papers
5that were published during the course of the project on the influence of
cucurbitacins on feeding behavior of Diabrotica beetles on cucurbitacins, and
(4) role of cucurbit volatiles as long range attractants for Diabrotica
beetles.
1. Rootworm trap using cucurbitacins.
Two-year's research on developing a rootworm trap was completed in 1983
and a paper submitted for publication to the Journal of Economic Entomology.
The paper is reproduced here in its entirety, since it describes the
procedures used in developing the trap and testing it in the field.
MONITORING POPULATIONS OF CORN ROOTWORM BEETLES WITH
A TRAP BAITED WITH CUCURBITACINS
J. T. Shaw 3 , W. G. Ruesink 4 , S. P. Briggs 5 , W. H. Luckmann 6
ABSTRACT
A trap is described that uses cucurbitacins and carbaryl to capture and
kill northern and western corn rootworm beetles. The trap is consistent in
beetle captures per trap per day, and it should have utility in integrated
pest management programs that monitor the population density of corn rootworm
beetles in cornfields. Trap captures in 1981 and 1982 in Illinois confirm
that western corn rootworm adults dispersing into first year corn are
predominantly females.
6TEXT
Compounds called bitter principles are present in varying amounts in the
roots, seedlings, foliage, and fruits of most wild and many cultivated species
of Cucurbitaceae. The chemical properties of twelve crystalline bitter
principles called cucurbitacins were identified by Rehm et at". (1957), and he
and his colleagues reported that cucurbitacins are so toxic that relatively
small quantities consumed in food can cause serious illness or death to
livestock (Enslin et at. 1954). Enslin (1954) wrote that the presence of
bitter principles is widely known and that purgatives have been prepared from
plants belonging to the Cucurbitaceae since ancient times.
Numerous researchers have reported on the damage cucumber beetles inflict
on squashes, melons, ana- gourds, and beetle attraction to the bitter
principles in cucurbits was observed by Contardi (1939) and by Chambliss and
Jones (1966). DaCosta and Jones (1971) reported a positive feeding response
to cucurbitacins in cucumber seedlings by the spotted cucumber beetle,
Diabrot-ca undecimpuznciata hot adi Barber, the banded cucumber beetle, o.
batteata Le Conte; and the striped cucumber beetle, Ataljmma vittaba (Fab.).
Several papers have been written recently on the insect-plant interaction of
the Diabroticites, including the northern and western corn rootworms, D.
barberi Smith and Lawrence and D. virgifera oirgifera LeConte (e.g., Howe et
at. 1976, Rhodes et at. 1980, Metcalf et al. 1980, Metcalf et at. 1982,
Ferguson et at. 1983, Branson and Guss 1983).
Howe and Rhodes (1976) suggested cucurbitacins might be used as
attractants for trapping rootworm adults or for use in baits for control of
these beetles. The research reported here describes a trap that is being
developed and tested for monitoring the population density of adult northern
7and western corn rootworms in cornfields. The device will be referred to as
the Cucs (for cucurbitacins) trap.
Methods and Materials
The Cucs trap is a 16 dram, plastic medicine vial measuring 3 cm in
diameter and 9 cm in length. The solid bottom is removed and is covered with
14 X 18 mesh screen wire to prevent condensation inside the trap. Holes 5 mm
in diameter are drilled at equal intervals around the vial. The vial is
capped with a locking lid.
A clear plastic insert, measuring 3 cm by 7.5 cm, cut from a 215-mm x
266-mm sheet of 3M transparency film for infrared copiers (re-order number
78-6113-2026-9) and trimmed to fit inside the vial is coated with a mixture of
powdered dried squash fruit and carbaryl (Sevin XLR) insecticide. The
insecticide is atomized onto the plastic sheet, and a measured amount of
powdered squash is dusted over the wet surface. The mixture dries within a
few minutes into a uniform, durable film. The sheet is then cut into inserts.
Twenty-one inserts can be cut from a single 215-mm x 266-mm sheet. Each
plastic insert contains approximately 0.4 g of powdered squash and 0.12 ml of
Sevin XLR insecticide diluted 1:1 with water. The trap components are shown
in Figure 1. The trap is attached to a corn plant with a wire "twistum."
Powered squash, high in cucurbitacins, was obtained from the fruits of a
Cucurbita andreana x Cucurbita maxima cross grown at Urbana (Champaign County,
Illinois) in 1979. The seeds were provided ny Dr. Ashby M. Rhodes, Professor
Emeritus, Department of Horticulture, University of Illinois dt
Urbana/Champaign. Individual fruits from the C. anzdreana x C. maxima cross
may be high or low in cucurbitacins, and fruit selection was based on taste by
quickly touching the tongue to a cut fruit. Fruits high in cucurbitacins are
8very bitter. Thus, fruit selection was by human choice, and no precise
measurements were made of the cucurbitacin content of the squash used in the
trap. Fruits that were selected for use were cut, dried, and ground to a fine
powder. All of the tests reported here were conducted with squash fruits
produced in 1979.
Traps of different colors, types of inserts, and trap locations were
evaluated in the field on natural populations of adult western and northern
corn rootworms. Traps with various types of inserts were also evaluated in
1-in x 1-m x 1-in screen insect cages in a greenhouse. Adults from laboratory
cultures of the spotted cucumber beetle (or southern corn rootworm) and a
non-diapausing strain of the western corn rootworm were used for the tests.
Tests were conducted in the field during July, August, and September
1981-82 in Champaign County, Illinois. They were designed to relate trap
catches to the standard visual count of rootworm beetles on an entire corn
plant, and visual beetle counts were made each time the traps wiere examined.
The visual plant count technique involves counting all corn rootworm adults
observed on 25 corn plants and recording these observations as beetles per
plant. Egg density was estimated in each field after oviposition ceased by
using a gasoline powered trencher (Ruesink and Shaw, in press). Trap captures
were also related to root damage (Hills and Peters 1971) in the following year
in each of the experimental fields. The field tests were conducted on a mixed
population of rootworm adults composed of ca. 97% westerns and 3% northerns.
Some traps were examined daily, while others were mqonitored over periods of uo
to 12 days.
9Results and Discussion
Trap principals.--The Cucs trap containing the insert treated with
cucurbitacins and carbaryl readily captures male and female northern and
western corn rootworm beetles. Cucurbitacins serve as a feeding stimulant to
keep the beetles in the trap long enough for the carbaryl to kill them. In
the laboratory, the authors observed that beetles would enter an unbaited
trap, but most would soon crawl out again. In cornfields, dead rootworm
beetles were observed on the ground below and in the immediate vicinity of
traps containing only carbaryl, suggesting that beetles entered the trap,
walked on the insecticide-treated insert, and exited. The powdered squash
containing cucurbitacins appears essential to the efficiency of the rootworm
trap; field data show that more rootworm beetles are captured in traps
containing the powdered squash cucurbitacins bait than are captured in traps
without the bait. (Table 1). However, no other varieties of dried powdered
squash were evaluated, and the amount of actual cucurbitacins on the trap
inserts was not determined.
The cucurbitacins are not very volatile and beetles may enter the trap
because they are seeking a place to rest or hide, or they may be attracted to
a semiochemical emitted from the dried powdered squash. Numbers of a corn
otitid, Euxesta stigmatias Loew; adult and immature coccinellids, Adalia
bipunctata (L.), Scymnus (Pullus) sp., and Coleomegilla maculata (De.G.);
adult Carpophilus niger (Say); and adult Glischrochilus quadrisignatus (Say)
were the other insects most often captured in the Cucs trap.
Trap color.--Only a minimum amount of effort was devoted to selecting
trap color. Traps that were clear, green, bright yellow, black, and amber in
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color were exposed to rootworm adults in the laboratory; amber and black
colored traps were evaluated in the field. The clear trap and the black trap
were not very effective. The amber colored trap captured 10 times more
beetles per trap per day than the black or clear trap. The amber colored trap
captured as many beetles as or more beetles than the other traps captured in
all tests. The amber colored trap became the standard Cucs trap used in all
further evaluations because quantities of 16 dram amber colored vials are
readily available.
Holes.--Holes, 5 mm in diameter, were drilled in the vial. The hole size
is about the smallest that will allow easy access by gravid spotted cucumber
beetle females, northern and western corn rootworm females and males of all 3
species. The first traps fabricated contained 14 holes. Traps with 14 holes
sometimes captured so many beetles that processing samples was difficult and
time consumming. The number was reduced to 10, and traps with 10 holes were
used in all evaluations in 1982.
PlasticinsertsA.--!n initial tests, blotter pa-per was used for the trap
insert, but molds developed on the treated insert in less than I week in the
field. Some types of blotter paper became moldy after only 2 days exposure in
traps in the field. The change to the plastic insert corrected this problem.
In addition, the plastic is thin and flexible, and inserts can be trimmed to
fit snugly down the center of the vial so as not to impede rootworm beetles
entering the trap.
Location of traps.--A single test using 41 traps was conducted in the
field, August 21-29, 1981, to evaluate 4 trap locations on the corn plant.
Twenty traps were positioned at ear zone height (1.5 in), while 7 were placed
at edch of 3 heights: (1) the tassle (2.2 rn Thov soil level) (2) halfway
11
between the ear zone and the base of the plant (1.3 in), and (3) 0.8 m above
soil level at the base of the plant. Traps at the tassel level captured 4.3
beetles per trap per day; ear zone, 9.0 beetles; halfway between ear zone and
base, 4.3 beetles; and 3.6 beetles per trap per day in traps positioned near
the base of the corn plant.
Because the ear zone trap captured the most beetles (ANOVA, significant
difference at the 0.001 level), that location was used in all subsequent field
tests. Furthermore, the sex ratio of beetles in the ear zone traps agreed
closely with the field average, while the traps at tassel height caught mostly
females, and the lower traps caught mostly males. Iowa researchers tested 5
different kinds of rootworm traps and selected the ear-level location as the
best position for trap evaluation (Fairchild and Ortman 1981).
Trapping period and number of traps.--In 1981, traps were evaluated for
1, 2, 4, and 8 days; the experimental trapping period ended on the 8th day.
In 1982, traps were examined after 4, 8, and 1? days in the field. The
objec~tive of the trapping period was to determine how long traps must be left
in the field to provide catches that are meaningful in relation to the number
of visible beetles (visual adult counts) in the field.
The data obtained in 1981 and 1982 are presented in Tables 2 and 3. The
data suggest that the traps are consistent in beetles captured per trap per
day and that traps can be left in the field for periods as long as 12 days.
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with a correlation coefficient (r) of 0.97. Using the mathematical definition
of the standard error (SE), which is SE= s2/n where n is the number of traps
in the field, we calculated the level of precision associated with different
values of x and n. The results (Fig. 2) show that 50 traps per field
will yield high precision in the estimate of population density, with the
standard error being near 10% of the mean regardless of density. Twenty traps
per field also did well, with precision ranging from about 15 to 20%/. of the
mean depending on beletle density. Ten or fewer traps per field produced lower
levels of precision. A decision was made to use 20 traps per field for all
future testing of the Gucs trap.
There is a good correlation between trap catch and peak visual counts
(r=0.804). The traps retained their effectiveness for at least 12 days, for
the capture rate was the same regardless of how long a trap was left in the
field. Judging from these results, we believe that a 1-week trapping period
during August using 20 traps per field would remove much of the uncertainty
and human error associated with the 'usual beetle count technique., This
period of trap exposure should help in smoothing effects of weather and reduce
the loss of traps (users could forget where traps are located) that might come
from a longer period of exposure.
Species differences.--As stated previously, the mixed field population in
these tests contained ca. 97% western corn rootworms, However, the trap is
13
In laboratory tests, the trap also captured adult spotted cucumber
beetles. This insect is usually not abundant in corn in the major
corn-growing regions of Illinois, and it is generally not considered a problem
in corn in Illinois although occasionally spotted cucumber beetle larvae will
damage corn planted late in the southern half of the state. Spotted cucumber
beetles were occasionally caught in the field traps in 1981 and 1982, but
counts were too low for any analysis.
Relating trap catch to egg density and damage.--Relating trap captures
(or visual beetle counts) to damage by rootworm larvae in the following year
may need to be adjusted to reflect the sexual composition of beetles in the
field. The data in Table 5 show that for western corn rootworms the sex ratio
favors females in first-year corn and males in fields planted in corn for 3 or
more years. They also show that the sex ratio shifts to inore females as the
weeks pass. For the northern corn rootworm the sex ratio varied greatly, but
without the regular patterns shown by the western.
The data in Fig. 3 suggests that the relationship between the trap cacch
of adults and subsequent egg density is curvilinear and depends on how many
years the field has been planted in corn. At a particular level of adults
captured, the expected egg density is highest for first-year corn and lowest
for those fields that have been in corn for 3 or more years. Thus, one beetle
captured or counted in first-year corn (because it is more likely to be a
female) indicates more damage potential than one beetle in continuous corn.
We are including data on egg density since these records may help
rootworm researchers to understand better the relationship between number of
adults, number of eggs, and root damage. The egg density of 25.2 million
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eggs/hectare in the first-year corn field (Table 2) is much too high in
respect to the number of beetles captured in the trap, number of beetles
recorded visually, and root damage the following year. A second group of soil
samples was taken in this field, and high egg counts were recorded as in the
first samples. However, the eggs were distributed in clumps with high numbers
in a few samples and no eggs in most of the samples. Root damage ratings in
the following year were also skewed, with most plants showing no rootworm
damage, but with a few plants rated 3 and 4 to give an average ratio of 2.0
for the field.
Conclusions
The Cucs corn rootworm trap described here will capture and kill western
and northern corn rootworm beetles. It is an easy trap to use and all
components except the powdered sciash can be purchased on the commercial
market. We believe that the trap has great potential use in IPM for
monitoring the population density of western and northern corn rootworm
beetles in cornfields. The data suggest that the trap is consistent in beetle
captures per trap per day, and use of the trap should smooth short-term
effects of adverse weather on beetle behavior and eliminate human error
associated with visual beetle counts. The trap has not been calibrated to
relate trap captures to rootworm larval damage though research to do this is
currently under way in Illinois.
Trap captures in 1981 and 1982 confirm that western corn rootworm adults
dispersing into first-yedr corn are predominantly females and that
recommendations for the use of a corn rootworm soil insecticide based on
beetle population density may need to be different for first year corn and
continuous corn.
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Table 1. A comparison of the efficiency of the Cucs trap baited with
powdered squash + carbaryl versus carbaryl alone in capturing corn
rootworm beetles in field tests conducted during 1981 and 1982,
Champaign County, IL.
Avg. No.
Capture Rate a
Treatment 1981 1982
Squash + Carbaryl 2.5 1.6
Carbaryl 0.2 0.1
aCombined
day.
northern and western corn rootworm beetles captured per trap per
Table 2. The combined number of northern and western corn rootworm beetles
captured by the Cucs trap in 1981 compared with other measurements of
rootworm population density. Data from 3 fields in Champaign County,
Illinois.
Years
field
has
been
in
Capture ratea for
different trapping periods (days)
Root
Highest Egg ratingsb
visual density in
corn 1 2 4 8 (beetles/plant) (millions/h) 1982
1 0.8 0.7 0.5 0.5 0.6 25.2 2.0
3+ 10.3 10.8 11.7 12.6 7.3 8.4 3.5
3+ 7.0 7.5 9.5 8.8 5.5 10.6 4.3
aCombined northern and western corn rootworm beetles captured per trap per
day.
bRoot rating 1: = no damage; 6 = three or more nodes of roots destroyed. Mean
of 10 plants.
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Table 3. The combined number of northern and western corn rootworm beetles
captured by the Cucs trap in 1982 compared with other measurements
of rootworm population density. Data from 5 fields (in Champaign
County, Illinois).
Years
field
has Capture ratea for Root
been different trapping periods (days) Highest Egg ratingsb
in visual density in
corn 1 2 4 8 (beetles/plant) (millions/h) 1982
3.2
5.6
1.7
7.53+
3+
3.2
6.3
1.1
8.9
10.7 10.6
2.7
6.1
1.3
8.7
10.0
2.6
2.2
1.5
3.7
2.9
43.0
33.8
11.5
24.1
41.0
4.6
3.7
3.0
4.5
dCmobine nortnern and western
day.
bRoot Rating 1: = no damage; 6
of 10 plants.
cNo sample taken.
corn rooLworm beetles captured per trap per
= three or more nodes of roots destroyed. Mean
Table 4. A comparison of northern and western corn rootworm beetles capture(
in the Cucs trap compared with beetle per plant numbers recorded in
visual beetle counts. Eight trapping days during August.
Average
Years Capture rate visual count
in (beetles/trap/day) (beetles/plant)
Year corn WCR NCR WCR NCR
1981
1981
1981
1982
1982
1982
1982
3+
3+
3+
0.55
12.71
8.78
2.93
5.95
1.00
8.39
0.01
0.01
0.01
0.32
0.30
0.19
0.46
0.15
3.86
3.10
0.94
1.00
0.64
1.87
0.005
0.003
0.004
0.20
0.04
0.06
10.34 0.14
_
~-- -· · -- --- -- -- ----:-  r --1 --
)
1982 3+ 1.41 0.03
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Table 5.--A comparison of female rootworm beetles captured in Cucs traps in
fields that had been in corn for 1, 2, and 3+ years in 1981 and
1982, Champaign County, Illinois.
% females of total beetles captured in
8-day trap periods
Early August Mid-August Late August
WCR NCR WCR NCR WCR NCR
29
3+
3+
a 74
a 10
8
58 86
16 60
40 71
21 13
33 20
a 81
a 36
a 44
9 93
14 78
28 62
3 24
2 38
aFewer than 50 beetles caught.
bNo sample from this field at this time.
Years
in
corn
1981
1982
61
37
54
13
12
3+
3+
16
22
76
3
7
18
,Cucs corn rootworm traps and component parts.
I
Figure 1.
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Figure 2. Relation between precision, beetle density, and number of traps.
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2. Use of dried bitter cucurbit baits for control of cucumber and corn
rootworm beetles.
A major area of investigation in this project has been the examination of
the possible use of dried Cucurbita baits containing the tetracyclic
triterpenoid cucurbitacins for the control of the corn rootworm and cucumber
beetles Diabrotica longicornis, D. virgifera and D. undecimpunctata and
Acalymma vittatum. All of these species are responsive to the cucurbitacins
that act as specific arrestants and feeding stimulants for these beetles
(Metcalf et al. 1980, 1982). In order to investigate the possibilities, it
was necessary to develop dependable sources of the cucurbitacins and this was
done, in cooperation with Prof. A. M. Rhodes of the Department of Horticulture
by hybridizing: (a) Cucurbita andreana a wild bitter species with Cucurbita
maxima to produce fruit (AND X MAD) averaging 5.0 mg Cucs B and D per g dry
wt. and (b) Cucurbita texana with Cucurbita pepo to produce fruit (TEX X PEP)
averaging 6.1 mg Cucs E and E-glycoside per g dry wt. (Rhodes et al. 1980).
These air dried and ground hybrid Cucurbita baits were impregnated with a
variety of contact insecticides and from laboratory and field studies it was
determined that the most effective toxicants for use with the ground baits
were: methomyl, carbofuran, terbufos, and isofenphos at 0.1% w/w and the
pyrethroid decamethrin at 0.01% w/w. The effectiveness of the cucurbitacin
arrestant is shown in Table 1, which demonstrates that 0.1% methomyl applied
to TEX X PEP bait killed 30 times more beetles in field tests as an equivalent
amount of methomyl (0.1%) applied to ground corn cobs.
The toxic cucurbitacin containing baits broadcast in squash, sweet corn
and dent corn at 10 to 100 Ib/acre gave rapid and effective control of the
various cucumber and corn rootworm beetles at dosages of insecticide ranging
L
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from 4.5 to 45 g/acre for the carbamates and 0.45 to 4.5 g/acre for the
pyrethroid. The effective dosages of insecticide range from 0.01 to 0.1 the
amounts required in conventional spray applications to cucurbits and corn.
Evaluations of the effectiveness of the cucurbitacin-containing baits were
made by (a) comparing pre-and post-treatment counts of live beetles on
plants,, (b) counting dead and moribund beetles on the ground after treatment,
and (c) measuring beetle catches on "sticky traps" baited with the sex
pheromones of the spotted cucumber beetle (southern corn rootworm) and the
western corn rootworm. Table 2 shows the results of an experiment on late
sweet corn where very high levels of beetle control were obtained with AND X
MAX bait broadcast at 30 lb/A with methomyl at 13.5 g/a. The percent control
was at least 99% and the bait treatment continued to kill beetles for 3 weeks
after application.
The results of larger scale field trials made with these baits during
1982-1983 are summarized in Table 3. A very high degree of control was
obtained in these experiments, even though the relatively small plot size
allowed some post-treatment migration of the beetles into the plots.
In summary, we conclude that dry, ground bitter Cucurbita baits poisoned
with very small amounts of insecticides provide a superior technique for
controlling adult cucumber and corn rootworm beetles. The use of these baits
can provide effective protection of cucurbit and corn plantings from adult
beetle attacks at minimal dosages of insecticide and with minimal damage to
beneficial insects, since the baits are only attractive to the Dicabroticaa
beetles. The use of these baits is therefore especially suitable for 1PM
programs.
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Table 1.--Spotted cucumber beetles killed by dried bitter squash and corn cob
granules treated with 0.1% methomyl.
300 mg/dish
Beetles killed 4 days
Bitter squash Corn cobs
60 1
2 0
30 0
32 2
57 4
4 0
62 1
58 4
4 1
35 0
Table 2. Effectiveness of AND X MAX bitter cucurbit baits containing 0.1%
methomyl insecticide broadcast in sweet corn at 30 lb/A (13.5 g
methomyl).
Days after No. western corn rootworm
treatment Per cornstalk Per acre on ground Percent control
Pretreatment 23.70
1 day 0.53 11,147 100% (ground)
0.04
0.0 17
97.8 (plant)
99.9% (plant)
100% (plant)
Replicate
A
B
C
D
E
F
G
H
I
J
2 days
11 days
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Table 3.--Field trials with TEX X PEP bitter squash bait broadcast in 0.2 -
0.25 acre corn plots.
Rate per acre Beetles per corn stalk
Bait Toxicant Before After Control
30 lb 0.1% isofenphos 1.20 SCB,WCR,NCR1  0.23 (24 hr) 81%
0.09 (72 hr) 92.5%
30 lb 0.1% terbufos 2.61 SCB,WCR,NCR 0.52 (6 hr) 80%
30 lb 0.1% methomyl 1.22 SCB,WCR,NCR 0.0625 (6 hr) 95%
10 lb 0.1% methomyl 2.58 WCR 0.15 (24 hr) 94%
2.58 0.018 (72 hr) 99.3%
1SCB-spotted cucumber beetle; WCR-western corn rootworm; NCR-northern corn
rootworm.
REFERENCES CITED
Metcalf, R. L., R. A. Metcalf, and A. M. Rhodes. 1980. Cucurbitacins as
kairomones for Diabroticite beetles. Proc. Nat. Acad. Sci. USA
77:3769-3772.
Metcalf, R. L., A. M. Rhodes, R. A. Metcalf, J. Ferguson, E. R. Metcalf and
Po-Yung Lu. 1982. Cucurbitacin contents and Diabroticite feeding upon
Cucurbita spp. Environ. Entomol. 11:931-937.
Rhodes, A. M., R. L. Metcalf, and E. R. Metcalf. 1980. Diabroticite beetle
responses to cucurbitacin kairomones in Cucurbita hybrides. J. Amer. Soc.
Hort. Sci. 105:838-846.
3. Cucurbitacins and Diabroticite Feeding Behavior
3. Cucurbitacins and Diabroticite Feeding Behavior
Cucurbitacin Contents and Diabroticite (Coleoptera: Chrysomelidae)
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ABSTRACT
Environ. Entomol. 11: 931-937 (1982)
Eighteen species of Cucurbita were examined qualitatively for spectrum of cucurbitacins present and
quantitatively for the amounts in leaves, fruits, and roots by means of thin-layer chromatography, mass
spectrometry, and ultraviolet absorption spectrometry. Crumpled leaves and sliced fruits of the various
species were exposed to large populations of the southern cornrootworm (SCR), Diabrotica undecim-
punctata howardi Barber, and the western cornrootworm (WCR), D. virgifera LeConte. There was a
strong correlation between the total cucurbitacin content and the extent of aggregation and feeding by
both SCR and WCR.
Appreciation for the role of the oxygenated tetracyclic
triterpenoid cucurbitacins (Cucs) from wild Cucurbita-
ceae as specific arrestants and feeding stimulants for the
Diabroticite beetles (Chambliss and Jones 1966, Sharma
and Hall 1973a, Howe et al. 1976) prompted our in-
vestigations of the role of these plant allelochemicals in
the coevolution of the Cucurbitaceae and the tribe Lu-
perini of the Galerucinae (Chrysomelidae) (Metcalf 1979).
Pure Cucs B, D, E, and I were found to arrest and to
stimulate compulsive feeding in the northern corn root-
worm (NCR), Diabrotica longicornis Say, southern corn
rootworm, (SCR), D. undecimpunctata howardi Barber,
western spotted cucumber beetle, D. u. undecimpunc-
tata Mannerheim, banded cucumber beetle (BCB), D.
balteata LeConte, western corn rootworm (WCR), D.
virgifera LeConte, D. cristata Harris, and the striped
cucumber beetle (SCB), Acalvmma vittata (F.), at dos-
ages of 0.001 to 0.3 Lpg when exposed on silica gel thin-
layer plates. The feeding patterns of SCR and WCR
upon the spectrum of Cucs extracted from leaves, fruits,
and roots of 18 species of Cucurbita were characterized.
The Cucs were widely distributed within the Cucurbita,
with a considerable spectrum of diversity in qualilty and
quantity (Metcalf et al. 1980).
We became interested, therefore, in exploring the ge-
netic manipulation of Cucs content in Cucurbita culti-
vars and hybrids (a) to eliminate Cucs production to
produce Cucurbita cultivars less susceptible to beetle
attack through antixenosis or nonpreference, and (b) to
enhance Cucs production to produce Cucurbita hybrids
that might be useful as trap crops or in poison baits for
Diabroticite control (Rhodes et al. 1980).
Detailed knowledge about the Cucs content of the
available Cucurbita genetic pool was an essential pre-
requisite for these investigations.
Several investigations have shown that wild, bitter
Cucurbita fruits will attract and arrest Diabroticite bee-
tles much more readily than domesticated Cucurbita.
Contardi (1939) exposed D. speciosa Germar to alter-
nating slices of C. andreana (bitter) and C. maxima
(sweet) fruits and found an average of 216 beetles at-
tracted to the former (93%), compared with 17 to the
latter. Sharma and Hall (1973a), compared the attrac-
tiveness of cut fruits of C. foetidissima (bitter) and C.
pepo (sweet) to D. undecimpunctata and found an av-
erage of 142 beetles feeding on the former (96%) to 6
on the latter. Howe et al. (1976) compared the attrac-
tiveness to D. virgifera of cut fruits of the four species
of Cucurbita and found an average of 13.3 and 14.0
beetles feeding on the bitter fruits of C. andreana and
C. texana compared with 0.3 and 0.5 for the sweet C.
maxima and C. pepo.
Despite a considerable amount of information about
cucurbitacins isolated from various genera of Cucurbi-
taceae (Rehm 1960, Lavie and Glotter 1971), there is a
paucity of data on the qualitative and quantitative con-
tent of cucurbitacins in the 24 species of Cucurbita.
Materials and Methods
Eighteen species of Cucurbita were grown under uni-
form conditions in greenhouse and field, and samples
of leaves, fruits, and roots were homogenized in water,
extracted with chloroform, and concentrated to a stand-
ard ratio of 100 g (fresh weight) to 10 ml. Thin-layer
chromatography (TLC) was carried out on silica gel 254-
F, using as solvent systems (1) ether-hexane-methanol
70:30:5 (vol/vol) and (2) chloroform-methanol 95:5 (vol/
vol). Areas containing Cucs were detected by quenching
of fluorescence under ultraviolet (UV) radiation at 254
nm with a limit of detection of 0.25 p.g. Average R,
values for pure Cucs in the two solvent mixtures, re-
spectively, were: Cuc E 0.49, 0.80; Cuc B 0.38, 0.77;
Cuc I 0.36, 0.72; Cuc L 0.28, 0.59; Cuc D 0.26, 0.70;
and Cuc E-glycoside 0.02, 0.27 (Sharma and Hall 1973b,
Metcalf et al. 1980).
To determine the Cucs active as kairomones to Dia-
broticite beetles, TLC plates of silica gel with fluores-
cent indicator on polyethylene terephthalate (Eastman
Chromagram) were prepared from Cucurbita extracts
and exposed to the feeding of about 100 SCR, WCR,
or BCB beetles for 4 days (Metcalf et al. 1980). As
shown in Fig. 1, the beetles fed exhaustively on the
active Cucs with a sensitivity of detection to about 0.02
mg/g of fresh Cucurbita tissue. This method of detec-
tion, together with quenching of fluorescence and the
28
ENVIRONMENTALENTOMOLOGY Vol. 11, no. 4
4ND FOE L/UN MAR OKE CYL PAL Std Mass spectrometry of Cucs isolated by TLC, provided
F F F F F R R -r positive identifications (Audier and Das 1966, SharmaF F F F F R R Kc _%.% A _ . , •.»'»U\
inau nail iY13D).
Cucurbitacins B and D.--C. andreana was investi-
gated intensively as the most attractive species in group
I. The spot cochromatographing with Cuc B (R, 0.38,
0.77 in solvents 1 and 2) was identified by mass spec-
trometry as Cuc B C32H,.0,, MW 558: m/e 498 (P + -
CHCOOH), 403, 385 (Co -Cýa cleavage), and 96 (C6H,O
from C2 cleavage) (Audier and Das 1966). The lower
spot (R, 0.26, 0.70) cochromatographing with the Cuc
D was conclusively identified as desacetoxy Cuc B or
Cuc D CoH4,O
,
, MW 516; m/e 498 (P +-H 20), 403,
385, and 96.
tG. 1.-Profiles of thin-layer chromatograms prepared from Cucurbitacins E and I.---C. okeechobeensis was in-
idard chloroform extracts of Cucurbita fruits (F) and roots vestigated intensively as the most attractive species in
Cucurbitacin containing areas eaten from the TLC plates group II. The spot cochromatographing with Cuc E (R,
D. u. howardi are shown in black. Cucurbita spp. are ab- 0.49 and 0.80 in solvents I and 2) produced an imme-
viated as follows: AND, C. andreana; FOE, C. foetidis- diate blue-violet color after spraying with ferric chloride
a; LUN, C. lundelliana; MAR, C. martinezii; OKE, C. and thus contained the diosphenol grouping (a-hydroxy-
echobeensis; CYL, C. cylindrata; PAL, C. palmata. unsaturated ketone). Mass spectrometry showed m/e 556
P +, 496 (P+ -CH3COOH), 164 (P -C,oHA20 2) (rup-
ay reagent, provided for exact location on the TLC ture of ring B), 96. Peaks m/e 403 and 385 characteristic
tes of the Cucs with kairomone activity. of the Cuc B, D series were absent (Audier and DassQuantitative determinations were made of Cucs eluted 1966). This compound was clearly Cuc E C32H,O,, MW
m TLC plates in absolute methanol, using UV spec- 556, that can be produced from Cuc B by cucurbitacin
netry at 210 nm with comparison to standard curves A'-dehydrogenase giving a C, = C2. The characteristic
Cucs E, B, and E-glycoside (limit of detection 1 ppm) lower spot from C. okeechobeensis (R,0.36, 0.72) coch-
arma and Hall 1971). Corrections for molecular weight romatographed with Cuc I and gave an immediate blue-
[erences were made for Cucs D and I. Confirmatory violet color with ferric chloride. This compound was
ntification by mass spectrometry (Varian CH-7) was unmistakably desacetoxy Cuc E or Cuc I C•Hf4207 , MWde on areas containing Cucs eluted from the TLC 514.
tes, rechromatographed, and eluted in hexane. Pure Cucurbitacin E-glycoside.--Cucurbitacin E-glyco-
cs D, E, I, L, and R were obtained through the co- side comprised almost all of the Cuc content of C. tex-
-ration of D. Lavie (Rehovat, Israel). Cucs B and E- ana, located at R, 0.02 and 0.27 in solvents 1 and 2.
coside were obtained by preparative TLC. Treatment of this relatively polar product on the TLC
Results and Discussion plates with elaterase enzyme from Ecballium or with
Results a D r. in r r- - pectinase, liberated largely Cuc E detected by cochro-
ntification of Cucurbitacin Kairomones for Diabro- matography and blue-violet coloration with ferric chlo-
te Beetles ride together with a much smaller amount of Cuc I.
[he cucurbitacins extracted with chloroform from Traces of free Cucs E and I were also found in C. texana
ves, fruits, and roots of 18 species of Cucurbita were extracts. Mass spectrometry of the polar compound
racterized and measured by TLC, using quenching showed peaks characteristic of Cuc E together with m/
fluorescence on silica gel 254-F, cochromatography e characteristic of the glucose moiety. A large quantity
h known standard Cucs, chromogenic reagents, and of Cuc E-glycoside (elaterinide) was isolated from C.
ding spots produced after exposure to D. undecim- texana fruit by chemical means (Enslin et al. 1956).
actata and D. virgifera (Fig. 1). Four major groups In C. andreana, TLC of fruit extracts showed a small
Cucurbita were characterized by the nature of their spot at R, 0.20, 0.30 (solvents 1 and 2) located by flu-
c contents. Group I included wild, bitter species con- orescence quenching and beetle feeding (Fig. 1). Mass
iing relatively large amounts of Cucs B and D and spectrometry showed m/e 403, 385, 96. This, together
detectable Cucs E and I: C. andreana, C. ecuador- with the absence of prominent m/e 164 and a negative
is, C. gracilior, C. lundelliana, C. palmeri, C. so- ferric chloride reaction, indicated that this Cuc belonged
ia, and C. pedatifolia. Group II included wild, bitter to the B-D series with an unsaturated side chain. Its
cies containing relatively large amounts of Cucs E polarity suggested Cuc F, but an authentic sample was
I: C. cylindrata, C. foetidissima, C. martinezii, C. not available for confirmation.
echobeensis, and C. palmata. Group M C. texana In C. okeechobeensis, TLC of fruit extracts showed
tained almost all Cuc as Cuc E-glycoside. Group IV a minor spot at R, 0.40 (solvent 1) located by fluores-
luded C. ficifolia, C. maxima, C. mixta, C. mos- cence quenching and beetle feeding (Fig. 1). This spot
ta, and C. pepo-domesticatable and nonbitter spe- gave a faint blue-violet coloration with ferric chloride.
in which Cucs could not .be- detected either by This Cuc is probably J or K, because it did not give the
mical or biological assay. characteristic yellow color with vanillin-phosphoric acid
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shown by Cuc L. However, standards were not available
for confirmation.
Quantitative Estimation of Cucurbitacins in Cucurbita
spp.
Estimation of the Cucs in the 18 species of Cucurbita
was carried out by UV spectrophotometry at 210 nm
after TLC to separate the individual Cucs. The data shown
in Table I generally represent the averages of at least
three separate determinations. No Cucs were detectable
in the tissues of the domesticated species C. ficifolia,
C. maxima, C. mixta, C. moschata, and C. pepo (Zuc-
chini) down to a limit of 0.02 mg/g, as confirmed by
the absence of beetle feeding on TLC plates from chlo-
roform extracts (Metcalf et al. 1980). This agrees with
the data of Rehm (1960). Indeed, fruits of these species
would be inedible if Cucs were present.
C. andreana fruit contained the highest Cucs content,
0.3% by fresh weight Cucs B and D (Table 1). These
Table 1.-Cucurbitacin contents of Cucurbita spp.
Cucurbitacin (mg/g, fresh wt)
Species Plant part B D E I Unknown Glycoside
C. andreana Naud. Leaf 0.15 0.12
C cylindrata Wats.
C. ecuadorensis Cutl. and Whit.
C. ficifolia Bouche
C. foetidissima HBK
C. gracilior Bailey
C. JundeUlian Bailey.. ,,.. ...
C. martinezii Bailey
Fruit
Root
Leaf
Fruit
Root
2.78 0.42
0.58 0.51
0.33 0.17
0.10 0.18
0.61 1.10
Trace
Trace
0.27
0.70
0.30
0.26
Leaf 0.22 0.19
Fruit 0.43 0.18
Root 2.89 1.37
<0.02 in leaf, fruit, root
Leaf
Fruit
Root
Leaf 0.17 0.03
Fruit 1.13 0.03
Root 0.28 0.08
.Leaf , 0.47 .. 0.12
Fruit 0.63 0.15
Root 0.53 0.29
Leaf
Fruit
Root
C. maxima Duchesne
C. mixta Pangalo
C. moschata Duchasne ex. Poir
C okeechobeensis Bailey
C. palmata Wats.
C. palmed Bailey
C. pedatifolia Bailey
C. pepo L.
C. sororia Bailey
C texana Gray
Leaf
Fruit
Root
Leaf
Fruit
Root
0.12
0.36
0.28
1.59 0.49
1.72 0.51
0.91
0.59
Trace
Trace
0.42 0.25 0.10
0.36 0.45 0.03
0.23 0.65 0.30
<0.02 In leaf, fruit, root
<0.02 In leaf, fruit, root
<0.02 In leaf, fruit, root
0.47 0.44 0.10
0.26 0.37 0.09
0.44 0.80 0.49
0.11 Trace
0.27 0.85 2.05
Leaf Trace Trace
Fruit 0.81 0.11
_Root Trace Trace-
Leaf Trace Trace
Fruit 0.29 0.27
Root 2.65 Trace
<0.02 in leaf, fruit, root
Leaf 0.05
Fruit 0.54
Root 0.25
Leaf
Fruit
Root
0.83
0.36
0.27
0.27
Trace Trace
0.07 0.367
0.18 0.08
Trace
0.75
0.39
August 1foL
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two Cucs formed at least 95% of the total Cuc content
in a ratio of 87% B and 13% D, agreeing well with
Rehm (1960), who found 88% B and 12% D in this
species. We found 0.058% Cuc B in the roots; Rehm
(1960) found 0.06%. In the leaves we found a 50:50%
distribution of Cucs B and D; Rehm (1960) recorded
30:70%.
C. ecuadorensis had a lower content of Cucs B and
D in fruit, but the roots contained 0.29 and 0.14%,
respectively, the highest amount recorded in any species
examined. This was confirmed for separate samples of
fruit grown from seed from Arizona and New York.
C. gracilior, C. palmeri, C. pedatifolia, and C. so-
roria also contained only Cucs B and D as the beetle
aggregating kairomones, and no other Cucs were de-
tected (Table 1). C. pedatifolia resembled C. ecuador-
ensis in containing about 0.26% Cuc B in the roots with
only about 0.1 as much in the fruit.
C. okeechobeensis and C. martinezii are very closely
related, as shown by genetic compatibility and numer-
ical taxonomy (Rhodes et al. 1968). As shown in Table
1 and Fig. 1, their beetle aggregating kairomones were
Cucs E, I, and a related unknown, and these were pres-
ent in very similar amounts in the two species.
C. lundelliana occupies an interesting position as a
close relative of C. okeechobeensis and C. martinezii
(Rhodes et al. 1968). However, C. lundelliana contains
substantial amounts of Cucs B and D (Table 1, Fig. 1)-
leaves 0.06%, fruits 0.08%, roots 0.08%-in contrast
to the Cucs E and I found in the other species. Rehm
(1960) also found only Cucs B and D in C. lundelliana.
C. cylindrata contained substantial amounts of Cucs
E and I together, with a relatively high content of polar
Cucs glycosides (Table 1, Fig. 1). The roots contained
Cucs E and I and two unknowns, with R,1values of about
0.40 and 0.30 (solvent 1).
C. foetidissima contained about 0.3% Cucs E and I
in fruit and root, with about 25% as glycosides (Table
1 and Fig. 1). These values compare with the 0.1% total
Cuc content, 46% as glycosides, found in fruit (Sharma
and Hall 1973a) and the 0.2% total Cuc content, 50%
as glycosides, recorded for root (Berry et al 1978).
C. palmata fruit and root contained the most complex
array of Cucs observed in any species examined (Table
1, Fig. 1). The Cucs appeared to belong to the Cuc E,
I series as demonstrated with the FeCI reagent in agree-
ment with Rehm (1960). However, the vanillin-phos-
phoric acid reagent produced two characteristic yellow
spots at about R, 0.43 and 0.30 (solvent 1). This yellow
color is produced only with Cucs having C.,-C" satu-
ration (Pohlman 1975), and these dihydro Cucs are
probably Cucs L and R (Fig. 1).
C. texana was unique in containing almost all of its
0.08 Cuc E content in the fruit as the glycoside or ela-
terinide (Table 1, Fig. 1). The root contained about
0.04%. Enslin et al. (1956) found about 0.1% elatcr-
inide in the fruit of this species.
The greatest preponderance of Cucs content in Cu-
7 curbita is as the free aglycones (Table 1) rather than as
glycosides, thus suggesting the primitive nature of this
genus. Other genera of Cucurbitaceae, e.g., Coccinia,
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Colocynthis, Echinocystis, and Peponium contain Cucs
essentially as glycosides, whereas Acanthosicyos, Cuc-
umis, and Lagenaria resemble Cucurbita in containing
Cucs essentially as aglycones (Rehm 1960). The pres-
ence of substantial amounts of glycosides is accom-
panied by low elaterinase activity. From TLC and beetle
feeding we found abundant glycosides only in C. tex-
ana, C. cylindrata, C. palmata, and C. foetidissima.
Diabroticite Response to Cucurbitacins in Cucurbita
The influence of cucurbitacins as arrestants and feed-
ing stimulants for the various species of Diabroticites is
complex. Cuc B appears to be the cucurbitacin most
readily detected by the various species (Metcalf et al.
1980). This together with its very wide distribution in
the Cucurbitaceae, Rehm et al. (1957) found it in 91%
of 46 species examined, strongly suggests that Cuc B
was the primitive bitter form coevolutionarily evolved
to protect these plants from herbivores. Cuc E was de-
tected by the Diabroticites at about 10 times the limit
of response (LR) for Cuc B (Metcalf et al. 1980) and
was found in 42% of the species examined (Rehm et al.
1957). The desacetoxy Cucs D and I, produced by Cuc
acetyl esterase, are detected by Diabroticites at about 10
times the levels for Cucs B and E, respectively, (Metcalf
et al. 1980) and were found in 69% and 22% of the
species examined (Rehm et al 1957).
D. u. undecimpunctata and D. u. howardi consist-
ently detected Cuc B at 0.001 to 0.003 p.g and Cuc E
at 0.01 to 0.03 p.g, the most sensitive response meas-
ured, whereas the LR values for the other species were
roughly 10- to 100-fold higher (Metcalf et al. 1980).
Thus, it may be concluded that there is no single factor
that will totally describe the beetles responses to Cu-
curbitaceae or other plants containing Cucs. However,
the total Cuc content of the various vegetative portions
of Cucurbita provides a useful reference point for de-
termining susceptibility to Diabroticite attack and is of
significance in breeding cultivars resistant to attack by
antixenosis, in developing hybrids for beetle trapping
and poison baits (Rhodes et al. 1980, Metcalf et al.
1981), and in evaluating the coevolutionary association
between Diabroticites and Cucurbita (Metcalf 1979).
Diabroticite Feeding on Crumpled Leaves.-The Cucs
have high molecular weights and low vapor pressures
and are most readily detected by Diabroticite beetles
when there are breaks in the plant integument, although
a substantial amount of codistillation occurs through
transpiration through cotyledon leaves (Metcalf et al.
1980). Therefore, to compare relative beetle arrest and
feeding on the various Cucurbita spp., a standard way
of crumpling and bruising mature leaves for 5 sec was
used. The test Cucurbita were grown in clumps of six
plants each in an area surrounded by'corn with very high
populations of both SCR and WCR, and 10 leaves were
crumpled on the plants about the periphery of each plot.
Beetle counts were made after a 2-h interval as recorded
in Table 2. The data show definite correlations between
total Cuc content and numbers of SCR and WCR beetles
feeding on the leaves of the 16 Cucurbita spp. available.
31
tugUUSL t1OL IVIbIUALrP El AL.: L..ULUKtIIlALAUL ANN U UIAlSKUI'IICItS
Table 2.-Relationship between cucurbitacin content and Diabroticite beetle feeding on crumpled Cucurbita leaves
Cuc total Avg no. of beetles (2 h)
Cucurbita sp. (mg/g) SCR a  WCR SCB SCR b  WCR SCB
C. andreana 0.27 5.6 ± 1.9 11.3 ± 8.9 1.7 ± 1.8 11.6 ± 9.0 3.5 ± 3.2 0.1
C. ecuadorensis 0.41 7.0 ± 5.7 9.1 ± 9.4 0.6 8.4 ± 6.4 4.2 ± 3.8 0
C. ficifolia <0.02 1.2 ± 1.0 1.4 ± 1.4 0 0.1 0.4 0
C. foetidissima 0.12 2.6 ± 2.8 3.1 ± 3.0 0.4 0.7 0.9 0
C. gracilior 0.20 0.3 0.7 0.1 2.9 ± 2.7 3.7 ± 3.5 0.7
C. lundelliana 0.59 6.2 ± 2.2 7.9 ± 6.7 1.8 ± 1.4 9.0 ± 5.4 2.6 ± 3.0 0.2
C. martinezUt 0.77 1.3 ± 0.8 1.2 ± 1.2 0.8 2.5 ± 2.7 2.8 ± 3.5 0.9
C maxima <0.02 0.7 4.0 ± 2.6 0.0 0.3 0.3 0.1
C. mlxta <0.02 1.6 ± 1.2 0.3 0.2 0.2 0.5 0.1
C. moschata <0.02 0.4 0.6 0.2 0.2 0.3 0.3
C. okeechobeensis 1.01 27.9 ± 13.1 6.0 ± 3.5 0.5 45.3 ± 13.6 4.9 ± 3.2 0.3
C. palmeni 0.1 4.0 ± 2.8 10.1 ± 10.3 0.5 5.0 ± 2.8 4.6 ± 3.3 1.1
C pedatifolia <0.04 0.6 0.2 0 - - -
C. pepo <0.02 0.5 1.7 ± 1.2 0.1 0.1 0.6 0.1
C. sororia 0.05 0.0 0.8 0.2 2.5 ± 2.1 4.5 ± 3.2 0.4
C. texana ca. 0.1 1.7 ± 1.3 1.1 ± 1.4 0.3 1.3 ± 1.4 1.3 ± 1.6 0.2
aMean of 10 replicates ± S E 8 August 1978.
bMean of 10 replicates ± S E 16 August 1978.
The correlation coefficients were r = 0.74 for SCR and
r = 0.64 for WCR. C. okeechobeensis had the most
attractive leaves, followed by C. andreana and C. ecu-
adorensis, whereas the domesticated species were rel-
atively unattractive.
Diabroticite Feeding on Sliced Fruits.-Mature Cu-
curbita fruits were cut into fairly uniform 2-cm-thick
slices and randomly arranged in replicates placed around
field plots of Cucurbita containing high populations of
beetles. The numbers of SCR and WCR feeding on the
sliced fruits were recorded after 18 h as shown in Table
3. Again there was good correlation between numbers
of beetles feeding and total Cucs content for the 11
Cucurbita species available, r = 0.70 for SCR and r =
0.58 for WCR.
The degree of correlation between Cucs content of
Cucurbita leaves and fruits and degree of Diabroticite
feeding by both SCR and WCR demonstrates the coe-
volutionary role of these secondary plant compounds in
host plant selection. This correlation is even more re-
markable, considering the appreciable differences in the
LR to the various Cucs by the beetle species, the vari-
able textures of the leaves and fruits of the Cucurbita
spp., and the presence of other plant compounds that
may play roles in attraction from longer distances (Met-
calf et al. 1980). There is evidence from this and other
studies (Howe et al. 1976) that the leathery leaves of C.
foetidissima, a semi-xerophytic species, are less palat-
able than the juicy leaves of semitropical species such
as C. andreana and C. okeechobeensis.
Coevolution of Diabroticites and Cucurbita
A major goal of this research has been to examine the
array of cucurbitacin allelochemicals in the Cucurbita
in light of theoretical expectations based on their pri-
mary role as repellents for herbivores and their second-
ary role as kairomones for Diabroticites. The Cucs are
perhaps the bitterest natural products known and are
highly toxic to mammals (Metcalf et al. 1980). Their
presence in trace amounts renders leaves and fruits of
wild Cucurbitaceae unpalatable to humans and other
vertebrate herbivores. The presence of Cucs has been
shown to provide feeding deterrents to numerous insect
herbivores including the leaf beetles Phyllotreta nemo-
rum, P. undulata, P. tetrastigma, Phaedon cochliariae,
P. cruciferae, and Ceratoma trifurcata (Nielson et al.
1977, Metcalf et al. 1980). In contrast, the Cucs provide
a classic example of plant kairomones that have become
arrestants and feeding stimulants for perhaps 1,500 spe-
cies of Luperini comprising the Old World Aulaco-
phorina and New World Diabroticina. A survey of
available host plant preferences of these Luperini showed
that 80% were recorded from Cucurbitaceae, and a num-
ber have been shown to be compulsive feeders on pure
Cucs (Metcalf et al. 1980).
From the data in Table I it appears that the great
preponderance of kairomone activity to the Diabroticites
found in the 13 species of bitter Cucurbita results from
the presence of Cucs B and D, Cucs E and I, and Cucs
E and I glycosides. The major variations in the nature
32
936 ENVIRONMENTAL tNTOMOLOGY voi. 11, no. 4
Table 3.-Relationship between cucurbitacin content and beetle feeding on sliced Cucurbita fruits
Cuc total Avg no. of beetles (18 h)
Cucurbita sp. (mg/g) SCRa  WCR SCR b
C. andreana 3.20 19.0 ± 8.6 6.0 ± 4.8 45.2 ± 25.3
C. gracilior 1.16 3.4 ± 3.8 8.8 ± 12.1
C. lundelliana 0.78 7.4 ± 4.9 3.6 ± 5.1
C. martinezii 0.84 8.2 ± 7.0 5.0 ± 4.9
C. maxima 0.02 0.2 0.2 4.0 ± 3.1
C. mixta 0.02 0 0.2 3.2 ± 1.0
C. moschata 0.02 0 0 2.0 ± 0.8
C. okeechobeensis 0.72 9.0 ± 9.3 3.4 ± 3.8
C palmeri 1.19 2.8 ± 2.4 1.4 ± 0.9
C. pepo 0.02 0.2 0.2 4.0 ± 4.3
C. texana 0.76 19.6 ± 13.3 8.0 ± 10.2 48.0 ± 31.4
aAverage of five replicates ± S E, 3 August 1978.
bAverage of four replicates ± S E, 5 September 1979.
of the Cucs content result from three structural changes:
(1) presence or absence of C, =C 2, (2) acetylation or
deacetylation at C,., and (3) aglycone or glycoside. In
each species examined, Cuc B was associated with Cuc
D or Cuc E was associated with Cuc I, and there was
no evidence from any species that major amounts of
Cucs B and D were associated with minor amounts of
Cucs E and I or vice versa. This comparative paucity
of structural elaborations in Cucurbita is remarkable in
view of the highly complex cucurbitacin skeleton and
the many opportunities for biochemical elaborations, e.g.,
at least 20 Cucs have been identified as natural products
in plants (Lavie and Glotter 1971). Thus, the number of
Cucs found in Cucurbita does not indicate a substantial
centrifugal selective force operating over a 100 MYR
time frame. If long-term and strong selective pressures
have been exerted by the Diabroticites on the genus
Cucurbita, we would expect to find an array of second-
arily modified Cucs that will have decreased kairomonal
activity and increased unpalatability to the Diabroticites.
Our failure to observe greater variation in Cuc structures
may be the result of sampling largely from a single
genus of the Cucurbitaceae. Examination of the Cucs in
46 species of Cucurbitaceae from 18 genera (Rehm et
al. 1957) suggests somewhat greater structural variation
of Cucs in genera other than Cucurbita. However, the
same paucity of Cucs structures is found outside the
Cucurbitaceae, e.g., in the Crucifereae Iberis spp. (candy
tuft), where the principal Cucs are again B, D, E, and
I (Curtis and Meade 1971).
Alternately, the original coevolutionary strategy of
elaboration of the intensely bitter Cucs seems to have
been very successful in limiting selective pressures by
herbivores of Cucurbita. Our admittedly limited expe-
rience with wild Cucurbita suggests that major herbi-
vores are relatively few.
The amounts of Cucs present in wild Cucurbita varied
substantially from about 0.3% fresh weight of fruits and
roots to <0.02%, our limit of detection (Table 1). In
seven species, the amounts of Cuc B substantially ex-
ceeded the amounts of Cuc D. However, the amounts
of Cucs E and I were in better balance in six species,
with Cuc I exceeding Cuc E in some instances. We
cannot define the adaptive significance of tissue distri-
butions of the Cucs. However, these compounds are
highly lipophilic and may be expected to be sequestered
and to acumulate at the site of synthesis in fruits and
roots. In any event, it is clear that major biochemical
modifications are necessary for herbivores to feed upon
plant tissues containing the highly toxic and bitter Cucs
(Metcalf et al. 1980). The Diabroticite beetles, however,
are so powerfully arrested and stimulated to feeding by
Cucs B and E that Cucurbita tissues free from Cucs are
relatively safe from attack. A comparison of Cucs con-
tent to phyllogeny of Cucurbita spp. as constructed by
genetic compatibilities (Whitaker and Bemis 1964) and
numerical taxonomy (Rhodes et al. 1968) suggests that
the primitive form of Cuc was B-D and E-I and glyco-
sides appeared as secondary modifications. This is in
relative agreement with limits of detection by Diabro-
ticite spp. (Metcalf et al. 1980). The comparison also
indicates that these two modifications each evolved at
least twice independently, i.e., C, = C, (E,I) in the C.
martinezii and C. okeechobeensis group and in C. cy-
lindrata, C. palmata; and glycosides in C. texana and
in C. cylindrata and C. palmata and in C. foetidissima.
From a more practical viewpoint, the development of
domesticated Cucurbita varieties is obviously related to
selection of species with low Cucs contents and further
reduction of these by selective breeding. However,
modern Cucurbita varieties still contain sufficient Cucs
content, especially in cotyledons to provoke intensive
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Diabroticite attack. Elimination of these secondary plant
compounds is a useful objective in promoting host plant
resistance by antixenosis or non-preference. Finally,
manipulation of the Diabroticite beetles by using the
Cucs as kairomones to promote destructive behavior
through trap crops or poison baits has interesting poten-
tial in integrated pest management. Hybrid Cucurbita
cultivars with high Cucs content are under development
for this purpose (Rhodes et al. 1980).
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Influence of Cucurbitacin Content in Cotyledons of Cucurbitaceae
Cultivars upon Feeding Behavior of Diabroticina Beetles (Coleoptera:
Chrysomelidae)'
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ABSTRACT
J. Econ. Entomol. 76: 47-51 (1983)
Nineteen species and 46 cultivars of Cucurbita. Cucumis. and Citrullus were analyzed for seedling
cucurbitacin (Cuc) content by Diabrotica feeding on thin-layer chromatography extracts. Seedlings.
leaves, and fruits were monitored for damage in the field by Diabroticina. Beetle damage to the mature
leaf and fruit was unrelated to seedling Cuc content or feeding damage. The information is of value in
selecting resistant varieties of Cucurbitaceae cultivars for integrated pest management programs. A new
analytical procedure for cucurbitacins using high-pressure liquid chromatography is described.
Cultivation of cucurbits worldwide is hampered by
destructive feeding on foliage and fruit by a number of
species of Luperini (Coleoptera: Chrysomelidae: Gal-
lerucinae), including the Aulacophorina of the Old World
and the Diabroticina of the New World. In North Amer-
ica the western spotted cucumber beetlle, Diabrotica
undecimpunctata undecimpunctata Mannerheim, the
spotted cucumber beetle. D. u. howardi Barber. the
banded cucumber beetle, D. balteata LeConte, the west-
ern striped cucumber beetle, Acalymnma trivittata (Man-
nerheim), and the striped cucumber beetle, A. vittata
(F.), often completely destroy newly germinated plants
of squash, melon, and cucumber or require multiple ap-
plications of insecticide or screening for the plants to
survive. The western corn rootworm, D. virgifera
LeConte, readily attacks cucurbits and can also be a
limiting factor in their cultivation later in the growing
season.
It is now well known that the tetracyclic triterpenoids
of the Cucurbitaceae, the cucurbitacins (Cucs), are kai-
romones for the Luperini and promote compulsive feed-
ing (Chambliss and Jones 1966, Sharma and Hall 1973a,
Metcalf et al. 1980). Selective breeding has either re-
moved or reduced these extremely bitter Cucs to very
low levels in mature leaves and fruits of domesticated
species and varieties of Cucurbita, Cucumis, and Ci-
trullus which otherwise would be inedible (Sharma and
Hall 1973a, Metcalf et al. 1982). However, the extent
of Diabroticina feeding on the cotyledons of newly planted
cultivars suggests that substantial amounts of cucurbi-
tacins are present.
Cucurbitacin synthesis in Cucumis, Citrullus, and Cu-
curbita is initiated by a single dominant gene, Bi (Ro-
binson et al. 1976). Nonbitter fruit may develop from
bitter seedlings in the presence of a modifier, suppress-
ing synthesis in the fruit. It is probable that a few major
genes control the chemical nature of the cucurbitacins
synthesized, and preliminary studies in this laboratory
have shown that Cuc E is dominant over Cuc B (Rhodes,
unpublished data). Quantitative estimations of total Cuc
iReceived for publication I February 1982.
2Dept. of Horticulture.
3Dept. of Entomology.4
Two whom inquiries should be addressed.
content in Cucurbita have shown partial dominance for
low Cuc content with a multigenic. additive type of
inheritance (Nath and Hall 1965).
By using thin-layer chromatography (TLC) of chlo-
roform extracts of Cucurbitaceae and exposing the de-
veloped TLC plates to the feeding of Diabroticina beetles.
we have been able to detect Cues in nanogram quantities
and to characterize the spectrum of their distribution in
leaves, flowers, and fruits (Metcalf et al. 1980. Rhodes
et al. 1980, Metcalf ct al. 1982). We have extended this
technique to characterize the Cuc content of the coty-
ledons of some 60 species and cultivars of Cucurbita,
Cucumis, and Citrullus, both wild and domesticated.
The methodology is useful in further genetic studies
to develop Cucurbitaceac cultivars resistant to Diabro-
ticina attack by antixenosis (nonpreference), and in elu-
cidating the qualitative and quantitative developmental
changes in Cucs content resulting from the coevolution
by Cucurbitaceae and Diabroticina.
Materials and Methods
Seeds of 19 species of wild Cucurbita. Cucumis, and
Citrullus and 46 commercial cultivars of these genera
(Tables I and 2) were germinated in the greenhouse.
The cotyledons of each were harvested, tasted, weighed.
and homogenized in a 10-fold quantity of water and
extracted with a 5-fold excess of chloroform. The chlo-
roform extract was evaporated to dryness and then made
to a final ratio of I g of cotyledons per ml of chloroform.
The extracts were applied at the rate of 100 p1 to 0. 1-
mm thick silica gel on poly-(cethylene tcrcpthalate) thin-
layer plates which were then developed with a mixture
of ether-hexane-methanol (70:30:5). After drying, the
TLC plates were exposed to the feeding of ca. 200 adult
D. undecimpunctata, D. virgifera, or D. balteata for 4
days to detect the areas where Cues were present (Fig.
1 and 2)(Metcalf et al. 1980). The size of the area on
the TLC plate eaten by the beetles ("beetle prints")
provides a semi-quantitative determination of the amount
of each Cuc present. For the determination of R, values,
replicate TLC plates were treated with the extracts the
same as for the feeding experiments. After the Cuc-
containing areas were identified by quenching of fluo-
rescence, the Cuc-containing area was carefully re-
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Table I.-Extent of Diabrotica feeding on TLC plates developed from standard chloroform extracts of cotyledons of Cucurbitaceae
cultivars
Cucurbitacin"
Species. cultivar I B D C Cu-lycE I B D C Cuc-glycoside
Citrullus hanatus Mansf.
'Charleston Gray'
'lopride'
'New Hampshire'
'Yellow Doll'
Cucumis anguria L.
'West Indian Gherkin'"
Cucumis melo L.
'Early Dawn'
'Gold Star'
'Golden Rind"'
'Honey Mist'5
Cucumis sativus L.
'Liberty Hybrid'
'Marketmore'
'Palomar' h
'Pot Luck'
'Saticoy'
'Wisconsin SMR-18'
Cucurbita maxima Duchesne
'Boston Marrow'
'Golden Hubbard'
'Mammoth Gold'
'Sweet Mama'
Cucurbita mixta Pangalo
'Gold Striped Cushaw'
Cucurbita moschata Duchesne ex Poir
'Dickinson Field'
'Early Butternut'
'Tahiti'
Cucurbita pepo L.
'Ambassador'
'Black'"
'Blackjack'^
'Bush Table King'
'Caserta'
'Crookneck'
'Early White'
'Diplomat'
'Goldbar'5
'Goldneck'
'Gourmet Globe'
'Greenbay'
'Greyzini'
'Cocozelle'
'Patty Green Tint'
'Scallopini'
'Scottsdale'
'Seneca Butterbar'
'Seneca Prolific'
'St. Pat Scallop'
'Storr's Green'
'Straightneck'
'Striato Striped'
++
++ ++
NF
NF
++
"NF = no feeding . . . . + + + + = large feeding spot.
'Cucurbitacin qualitatively verified by HPLC.
moved, reextracted with chloroform, and
rechromatographed to remove fats, carotenoids, and
chlorophylls which interfere with R, determinations. De-
veloped TLC plates were sprayed with 5% ferric chlo-
ride in ethanol, which gives an immediate blue-violet
color with Cucs E and 1 (diosphenols), to distinguish
these Cucs from Cucs B and D.
High-pressure liquid chromatography (HPLC), a new
analytical method, proved very useful in qualitative and
quantitative determination of Cues in plant extracts. A
model M-45 HPLC with ultraviolet (UV) detector (254
nm) and a C-18 column (Water Associates) with a flow
rate of I ml of 70% methanol per min could detect as
little as 0.25 |pg of Cuc (Fig. 3). The method was stand-
ardized with Cucs whose identity was unequivocally es-
tablished by mass spectrometry after their isolation and
purification (2 x ) from Cucurbita andreana, C. okee-
chobeensis. and C. texana fruits (Metcalf et al. 1982).
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++
NF
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+ +
SNF
NF
NF
NF
NF
+ +
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NF
+
NF
NF
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+ +
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+
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NF
NF
NF
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Table 2.-Extent of Diabroticina feeding on TLC plates developed lfrom standard chloroform extracts of cotyvledons of wsild Cucurbitaceae
spp.
Cucurbitac.in"
species E B D C Unknown Cuc glscoside
Citru//us ahss o/iths( L. Schrad -4--- ,- + +
Cotru//us /anollssMansl'. + +-+ + + +~
Cuc umis hardis i( kl
Cucurban aundreapia Naud. +± -4- 4-5-+ + -+-+
Cucurbian ficifOllia Bouche + +
Cuc urbuan faadisasna H. B.K .4 + + ±++
Cucurbima igracilior Bailey NF
Cucurbtan /undel/sana Bailey + + ± + + + ±++
Cuc urbian sarautneza Bailev -+ + + +
Cuwus biaa keec/iobeeiists Bailey ±±+ ±+-+ +±++ +
Csc urban pa/uteri Badle'0 + + +-
Cut urhitaita w la Gravs+-
"See toomrote a to Table 1.
"Cucurbitacrns qualiatrivelyvserified by HPLC.
CL/CU/TR81A
AND L UN OKE PAR TEX PEP PEP PEP PEP
CTRUL L US CL/CCMIS
COL L AN LAN AN~G
46'
HAP SArx SAT SAT
HAP CV CV
S
-7
FIG. I.-Profies of thin-layer chromatogramis prepared from
standard chloroform extracts of Cucurbitaceae cotyledons. Cu-
curbitacin-containingv areas eaten from the plate by D. u. ho-
wardIi (southern corn rootworm) are shown in black. Cucaurbita
species and cultivars: AND= andreana: LIJN = lundellianau:
OKE = okeechobeensis: PAR = pa/meri: TEX =ic-sana: PEP
=pepo cv. 'Ambassador.' 'Diplomat,' Greenbay,' and *Black,'
respectively. Citrallus species: COL = colocvntits. LAN-
lanatas cv. 'lopride.' Cucuinis species: ANG- angitfia: HAR
= lardvvicklii SAT = sativus cv. 'Liberty Hybrid' and *Pal-
omar.
For field experiments, 25 commercial Cueurbita cul-
tivars were planted in replicate on the Vegetable Crops
South Farm for the 1980 season. The severity of damage
by Diabr-oticai and Acalwnma beetle attack on cotvle-
CUCURLIITA
PEP PEP PEP
CV v cv cv
Cl TUL L US CUCUMIS
COL LAN SAT7
cv
A ~0 0
FiG 2.-Profiles at thin-layer c hromatograms prepared from
standard chloroform extracts of Cucurbitaceae cotyledons. Cu-
curbitacin-containine. areas eaten from the plate by' D. baizewa
(banded cucumber beetle) arc shown in black. Species and
cultivar identifications: PEP = Ciurutbiti pepo cv. 'Scallopini.'-
*Black.* and *Ambassador.'- respectively: COL = Citrulluls cal-
oc withi~s, LAN = Coral/us lanamus: SAT - Cucutmis sauivus
cv. 'Palomar.'
dions, leaves, and fruits was assessed as shown in Table
3.
Results and Discussion
There was substantial feedine by Diaibr-oica beetles
on the TLC plates prepared from chloroform extracts of
cotyledons of 17 of the 19 available species of Cucr--
bitut. Cuctwnis. and Citrullus and upon 29 of 46 cultivars
from these three genera (Table 1). The limit of detection
by D. unidecimpuntctam i wna-aril and D. balteaw ifeeding
onl the TLC plates is ca. 0.01 jig or ca. 0. 1 ppm in thle
cotyledons.
Spectrum ol Cuc~s Present in Cotvedons
Several different Cues were found in the cotyledons
of Cucurbitaceae (Table 1, Figy. I and 2). The Cues were
present in substantial amounts in eighl-t species of wild
Cuicurbita for which seed was available (Table 2), and
Cue B was readlil identified in all ('ii-containino r i~e-
February 1983
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FIG. 3.-High-pressure liquid chromatogyram ot cucurbitacin
standards and cv. 'Black-jack' (Cuiwurbita pe'po) and 'lopride'
(Citrullus lanatuts). Retention times (min) are: E-glvcoside. 2.35:
D., 2.60. 1. 2.75. B, 3.50: E. 4.35. 'Blackjack.' 3.50: and
'lopride.' 4.35.
Table 3.-Attack of Diabroticina, on cotyledons. leaves, and cut
fruits of Cucurbita cultivars in replicated field plots
Cuct-it s., Beetle damiace Mean no. ot beetle'.
cultivar rtnio
coty.ledons" Per leaf"' Per truit hall'
C. miaxima
'Sw'eet Mama' 4.00 16.2 13.0
C. moschata
'Earl', Butternut' 0.66 5.0 4.5
C. pepo
'Ambassador' 4.66 1(0.6 1.
'Black' 5.0(0 9.8
*Black~lack* 5. 00 7.1 4.0
'Bush Table King' 0.00 5.7 1.0
'Casenta' 4.50 9.5 2.5
'Crookneck' 2.33 5.2 3.0
'Early White' 0.66 3.5 5.0
'Diplomat' 4.33 4.3 1.5
'Goldbar' 3.00 7.6 11.5
'Guldneck' 1.66 10.9 4.0
'Gourmet Globe' 4.00 3.5 3.5
'Greenbas' 4.66 6.9 2.0
'Greyzini 1 4.66 8.2 2.5
'CocoLelle' 4.66 5.5 -
'Patty Green Tint' 0.66 2I8 tO0.
*Scallopini' 5.00 3.5 2.0
'Scottsdale' 2.33 l6.4
'Seneca Butterbar' 2. 66 4.7 4.5
'Seneca Prolific' - 9. 1 6.0
'Si. Pat Scallop' 0.66 4.2 3.5
'Storr's Green' 4.66 7.7 -
'Straighiineck' 2.66 6.2 3.0
'Striato Striped' 4.66 1(1.4 -
'Damage rating (three replications): no l~eedine =0; trace = 1. slight
2: modf'ate = 3. heavy = 4: totally destroyed =5: and-- not
tested.
-'Crumpled leaves ( 10 replicates) counted at I h.
Fruit ball' (two replicates) counted at I8Shb
cies except C. fo'eridissimia. Cuc E was identified by
HPLC in cotyledons of C. ]'oetidi~ss'ima but not in co-
tyledons of C. martinezil. C, okeecltobeens'is. or C. ws-v
ana. althou 'gh this is the characteristic Cuc of the leaves
and fruits of these species (Metcalf et al. 19821). This
)GICAt. SOC'I'i~i Di'AM-IERICA Vol. 76, no. I
suguests that Cuc 13. to which the Diabroticina are most
sensitive (N/letcalt et a]. 1980) may be thle ancestral Cuc
ot the Ciwat-ibua genus. The R, values for the rechro-
matographed major Cucs in each species were: C. okee-
('IobeL'Iisi 0.47: C. texaeua 0.5 1, C. unartiuezii 0.47; C.
atidreana 0.47: Cuc B standard 0.48; C. fioetidissitna
0.55: .'Cit'I-lu.'. Ieuatu.' 0.58; and Cwumtuis ang'u'ia 0.48.
The only cucurbitacin-containing. spots that turned blue-
violet with ferric chloride spray were found in Citt'ullu.'
laneutus and Ciucuu'tbita ~ft)eti(Ii~ssimi(i. Thus, except for C.
/o'eridissinia. e\'en Cucurbita spccies that have Cucs E
and 1 in the mature leaf and fruit have Cuc B in the
cotyledons. In addition. Cuc D was found in C. an-
di-eana. C. IlunidL'Iianiel C. mat-itiui('Zii. C. okeechobeeni-
si.'s. and C. ~e'po. The TLC plates of C. endideauta and
C. okeecltobeen.'i.' also show traces of other unidentified
Cucs with lower R, values (Figy. 1. Table 2).
The Cuc in thle cotyledons of C7ucurbita pepeo cv. 'Black
Zucchini.' identified as Cuc B by niass spectrometry
(Sharma and Hall 1973b), was readliy detected b-vD.
undee'impuncteua hoi'at'di beetles (Fig..I) and was
quniidas 23.0 jig of Cuc Biey. fresh weieht. of co-
tyledon by HPLC. Aý trace of Cu'c D is also present as
detected b'y D. balteeita (Fig-. 2). Ten other C. pepo
cultivars also contained Cucs B and D based on com-
parable R, values and compatisonis with authentic CuIc
standards (Table 1. Fia. I and 2). C. inaxviia cultivars
and cv. 'Black Zucchini' seem to be rather distinctive
in not containing appreciable amounts of Cue D or Cuc-
Lylycosides. All zucchini-type C. pepo cultivars had sub-
stantial amounts of Cues in the cotyledons (i.e.. cv.
'Blackjack' 10.8 w-g of Cuc Be(.Y tresh wst, of cotNvle-
dons). whereas the majority of the scallop or patty types
showed no detectable Cuc content by beetle teedinoe or
HPLC. Tasting of the cotyledons for the extremely bitter
Cucs proved unreliable in estimating, Cue content, due
to the numibing, effect of higyh-Cu c-containing cotyle-
dons.
Fieure I illustrates the Cues in the cotyledons of Ci-
tr-dulls and Cuciani~s. Cittrullus coloc'vutthisv and C. Ian-
awits (formerly C. vulgar-is) contain Cue E, as reported
by Rehm anld Vessels (1957). From the TLC "beetle
prints".- of FigY. I. these species contain Cue E (top spot).
Cue 1. and appreciable amounts of glycosides (spots at
origiTn). Cv. 'lopride,' e.g.. had 39.3 jig of Cue E/og.
fresh wt. of cotyledons. Czu'uimi.'.salivia.' contains Cue
C (Rehm and Wecssels 1957) (Figt. 1). and this Cue has
been identified in cotyledons of C. salivi.'. ev. 'Palomar'
by mass spectrometry (Rice et al. 198 1) In contrast
Cucuinis anty tia cv. 'West Indian Gherkin' contains
Cues B and D. and C. Inlot/ contains only Cue B.
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1.46. In contrast. for the 14 cultivars w- ith substantial
beetle feeding on the TLC plates. the average damage
rating lwas 4.46. Cultivars with cotyledons totally de-
stro\ed in at least two of three replicate:, in the field
(damage rating, >4.6) were cv. 'Ambassador.' 'Black.*
'Blackjack.' 'Greenbay.' 'Greyzini.' 'Cocozelle.'
'Scallopini.' 'Storr's Green.' and 'Striato Striped. All
of these showed heavy beetle feeding on their cot\ ledon
extracts on the TLC plates by both Di. i. howardi (Fig.
1) and D. balteata (Fig. 2).
Table 3 demonstrates the lack of association between
Diabroticina attack on the cotyledons and on the mature
leaves and fruits. Cv. 'Patty Green Tint' had one of the
lowest damage ratings for the cotyledons and the lowest
number of beetles per leaf. but it had one of the highest
numbers of beetles per fruit for the cultivars. The mean
number of beetles on the high-Cuc-containing positive
controls were 2.00 beetles per CLCurbita andreana X
Imaxnia leaf. and 49 beetles per C. pepo X texana fruit
half. This suggests that even in the absence of cucur-
bitacins in the fruit. other factors and compounds can
precipitate varying degrees of Diabroticina attack. In
contrast. cv. 'Scallopini had a high seedling damage
rating but a low number of beetles on the mature leaves
and fruit. This cultivar demonstrates the presence of
modifving genes for Cuc content in the mature plant.
The strong positive correlation between seedling Cucs
content and Diabroticina beetle attack demonstrates the
dominant influence of the powerful Cues kairomones in
determining the extent of beetle attack on Cucurbitaceae
seedlines. The Cucs content of mature leaves and fruits.
influenced by independent modifying genes. does not
provide a reliable measure of the Cucs content of the
cotyledons. Thus. effective development of resistant
(nonpreferred) cultivars to deter Diabroticina attack on
seedlings is aided by reliabletCucs analyses. by the use
of TLC "beetle prints.' or by field demonstration of
antixenosis.
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4. Role of cucurbit volatiles as long-range attractants for Diabrotica
beetles.
A volatile attractant would be useful for the application of integrated
pest management techniques to the monitoring and control of corn rootworm
beetles. Presently, the only available synthetic attractants are the sex
pheromones 8-methyl-2-decyl propanoate and 10-methyl-2-tri-decanone attractive
to males of the spotted cucumber beetle (southern corn rootworm) and western
corn rootworm. The research presented here deals with the analysis and
testing of the volatile compounds emanated by highly attractive blossoms of
Cucurbita species. This work has resulted in the identification of indole
which was proven to be a highly effective lure for both males and females of
the western corn rootworm, and also for the striped cucumber beetle, a pest
of cucurbits.
METHODS AND RESULTS
While in general the blossoms of Cucurbita are attractive to Diabroticite
beetles, there is considerable variability in the degree of attractiveness
between species and cultivars of this genus. The blossoms of C. maxima
cultivars are consistently much more attractive than those of c. pepo or c.
moschata, so these were chosen for chemical analysis. Male blossoms of "Pink
Banana" and "Blue Hubbard" cultivars were field-collected in the morning and
brought to the laboratory on ice for head space collection of volatiles on
poropak Q. Samples were analyzed by gas liquid chromatography and tested for
activity using the electroantennogram technique. The 3 chromatogramns shown in
Fig. 1 represent the volatile material collected from the head space
surrounding male blossoms of 3 Cucurbita cultivars from 3 species.
The preferred C. maxima cultivar produces a far greater amount of volatile
material than either the C. pepo or C. moschata cultivars, and also a
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qualitatively more complex mixture. In order to determine which components of
the C. maxima mixture were responsible for the electroantennogram activity, a
micro preparative separation was performed using a Waters M-45 HPLC with a
normal phase silica gel radial pak column. The eluent was monitored by means
of a 254 nm fixed wave-length absorbance detector. At a solvent flow rate of
2.0 ml per min, fractions were collected for 6.5 min. After several
injections, the fractions were concentrated to 0.3 ml and analyzed for EAG
activity and by GLC. With an HPLC solvent system of 10% tetrahydrofuran in
hexane the majority of the components eluted quickly, appearing in fraction 2
(Fig. 2). This fraction elicited little response from female spotted cucumber
beetle antennae. In fraction 3, two components were eluted but again the
fraction showed little EAS activity. Most of the EAG activity was eluted in
the fifth fraction, corresponding to a large iJV absorbing peak (retention time
2.2 min). In GC analysis this fraction showed a single major peak with a
retention time of 16.9 min. The fractions of elution of the major components
listed above the peaks in the "Blue Hubbard" chromatogram of Fig. 1.
To identify the component of fraction 5 the separation procedure was
repeated using a sample of C. maxima "Pink Banana" floral volatiles. The
active fraction was concentrated and analyzed by mass spectrometry. The
spectrum of this compound was consistent with the structure of indole, showing
a molecular io at m/e 117 and a prominant ion at m/e 90 (M+-HCN). The
proposed structure was verified as indole by coninjection with an authentic
standard on OV-17 and SE-30 columns. In both cases the retention times of the
sample and standard were equivalent.
The activity of indole was tested in the laboratory using the
electroantennogr~m tc~hnlique, and in the field using baited sticky traps.
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EAG responses of the spotted cucumber beetle to synthetic indole are shown
in Table 1. Threshold levels for antennal stimulation by this compound lie
below 0.1 g. The reason for this is not clear.
Field trapping was performed using sticky traps consisting of a white 1
quart paper container inverted and attached to the top of a stake at canopy
level. Indole was released from 40 cm x 28 cm strips of plastic (Nasnna
xerographic transparency) on to which the desired amount of indole had been
pipetted in ether solution. Six traps were arranged in pairs in a small
cornfield, one trap in each pair serving as a treatment, and the other as a
control.
The trap catch data for 11 nights from July 18 to August 15, 1983, are
shown in Fig. 3. Using 5 mg baits, means of over 8 western corn rootworm
adults were attracted to each treatment strip.
During the period from July 24 to August 10 the traps were almost
competely ineffective despite high western corn rootworm populations in the
field. When trapping was resumed August 10 large numbers were again trapped.
The period of low catch corresponded to the tasseling and silking period of
the corn, suggesting that super abundant food would compete with the
artificial food lure represented by the indole trap. The trapping data over
five nights from August 10 to August 15 are shown in Table 2. Over this
period the treatment traps caught 140 western corn rootworms and the controls
only 13. The low catches on August 10 are probably due to windy conditions
and overcast skies. Indole was also tested in a cucurbit field containing
striped cucumber beetles. Six traps were placed in pairs in three small plots
of zucchini (C. pepo) or a bitter zucchini hybrid (C. pepo x C. texancz). One
i •trap in each pair served as a treatment and the other as a control. The lures
L
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were less effective than in corn but still, the treatment traps caught
significantly more than the controls on all 5 days (Table 3).
For verification of attractancy, a demonstration of dosage dependence was
desirable.- In trapping tests of 0, 1, 5, and 10 mg baits, a definite increase
on the number of western corn rootworms caught with increasing dosage was seen
(Table 4).
In early September a comparison was made between indole and the western
corn rootworm sex pheromone 8-methyl-2-decyl propanoate. The two were also
tested in combination. Late in the cropping season, indole proved to be
comparable to the pheromone as an attractant (Table 5). This is likely due to
the ability of indole to attract females which predominate late in the
cropping season. No synergistic effect between indole and the pheromone was
seen. Dually baited traps caught-more beetles than either the pheromone or
indole alone but not more than would be expected by the addition of the two.
The catches in these mixed traps were about equally divided between males and
females (Table 5).
I
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Table 1.--EAG response ( v) of D. undecimpunctata undecimpunctata female
antennae to various dosages of indole.
Dosage Indole response + SE Solvent control +SE
0.1 g 249.2 + 38.6 22.5 + 2.5
1.0 g 601.2 + 68.6 124.0 + 25.5
5.0 g 555.0 + 75.5 61.5 + 12.7
10.0 g 169.7 + 28.5 30.5 + 3.17
Table 2.--Trap catches of western corn rootworms in traps baited with 5 mg of
indole.
Date Treatment Control Avg. diff + S.E.
8/10 4 2 0.67 + 0.33
8/12 29 3 8.67 + 2.03
8/13 51 1 16.70 + 1.20
8/14 , 32 5 9.06 + 3.60
8/15 24 2 7.67 + 0.67
140 13
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Table 3.--Trap catches of striped cucumber beetles in traps baited with 5 mg
of indole.
Control
16
7
7
12
5
Avg. diff
4.70 +
4.33 +
5.67 +
1.33 +
4.33 +
+ S.E.
3.7
2.3
3.7
0.88
0.88
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Table 4.--Trap catches of western corn rootworms in traps baited with various
dosages of indole.
Dosage (mg) # caught
0
19
69
103
mean/trap + S.E.
0-
3.2 + 1.40
9.8 + 3.25
17.2 + 6.82
Date
8/4
8/5
8/6
8/7
8/8
Treatment
30
20
21
16
18
105
0
1.0
5.0
10.0
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